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2tion. The lattice constants, i.e. the distance between
two sites of equal polarization are 
x;y
= = sin  and

z
= =(2 cos ), with  the laser eld wavelength. For
all the measurements presented in this work the angle 2
between the lattice beams is kept xed to 60
0
.
The procedure to load the atoms in the optical lat-
tice is the standard one used in previous experiments [8].
The rubidium atoms are rst cooled and trapped in a
magneto-optical trap (MOT). Then the MOT magnetic
eld and laser beams are turned o and the lattice beams
are turned on. After 10 ms of thermalizationof the atoms
in the lattice, two additional laser elds (beams c and p of
Fig. 1) are introduced for the excitation of the propaga-
tion modes. They are derived from an additional laser,





acousto-optical modulators. These two additional laser
elds are detuned with respect to the lattice beams of
some tens of MHz, so that there is no atomic observable
which can be excited at the beat frequency. Furthermore,
as they are derived from a laser dierent from the one
producing the lattice beams, the eect of the unwanted
beat is signicantly reduced. The beams c and p cross
the atomic sample in the xOz plane, and they are sym-




The propagation modes in dissipative optical lattices
have been identied in Ref. [9] and shown to exhibit
interesting nonlinear eects such as stochastic resonance
[10, 11]. We briey summarize their main properties.
They consist of a sequence in which one half oscillation in
a potential well is followed by an optical pumping process
to a neighboring well, and so on (Fig. 2). In this way,
the atom travels over several potential wells by regularly
changing its internal state (from jg;+1=2i to jg; 1=2i
in the case of a J
g
= 1=2 ! J
e
= 3=2 transition, as
considered in Fig. 2).
The velocity v of the propagation mode is essentially
determined by the intrawell dynamics. A straighforward











is the x vibrational frequency at the bottom of
a potential well.
B. Excitation mechanisms
The propagation modes can be excited by adding a
moving potential modulation. We consider two dierent














































FIG. 2: An atomic trajectory corresponding to a propagation










= 3=2 atomic transition and a 3D lin?lin
beam conguration.
in Fig. 1). In both congurations the modulation beams
have the same amplitude. In the rst conguration, here-
after called the k conguration, both beams have y linear
polarization. The light interference pattern consists of an























is the dierence between the wavevec-















This conguration has already been considered in pre-
vious work [11] and it is reexamined here for compari-
son with the novel excitation scheme introduced in the
present work. This latter, denoted as ? conguration,
consists of a y polarized beam (beam c of Fig. 1) and of
a beam with linear polarization in the xOz plane (beam
p). The light interference pattern consists in this case of
a polarization modulation moving along the x axis with
the same phase velocity v
mod
(Eq. 2) as in the case of the
k conguration.
To determine the eective excitation of the propaga-
tion modes we monitor the velocity of the center-of-mass
(CM) of the atomic cloud as a function of the velocity of
the applied potential modulation. This is done by direct
imaging of the atomic cloud with a CCD camera. We
verify that for a given detuning Æ, i.e. for a given ve-
locity v
mod
of the moving modulation, the motion of the
center of mass of the atomic cloud is uniform, and corre-
sponding determine the CM velocity v
cm
. Experimental
results for the x component v
cm;x
of the CM-velocity as a
function of v
mod
are reported in Fig. 3 for both the k and





is the signature of the excitation of
propagation modes in the x direction. We therefore con-
clude that both pump-probe congurations lead to the




















































FIG. 3: Top: experimental results for the x component of
the velocity of the center-of-mass of the atomic cloud as a
function of the velocity v
mod
of the moving light interference
pattern. The angle between pump and probe beams is 2' =
48. Bottom: position of the resonances as a function of the
sine of the half-angle ' between the pump and the probe
beams. The points refer to experimental ndings (expt.) and
to semiclassical Monte Carlo simulations (MC), the lines to
Eqs. (5,6).
To determine the nature of the observed propagation
modes, we examine the atomic dynamics in the optical
lattice with the help of semiclassical Monte Carlo simu-
lations [12]. The analysis of the numerically calculated
atomic trajectories shows that the excited mode is the
same for both congurations, and consists of a sequence
of an half oscillation in a potential well followed by an
optical pumping into the neighbouring well, as in Fig. 2.
We turn now to the analysis of the excitation mecha-
nism of the propagation modes for the two pump-probe
conguration. To this end, it is useful to examine the
dependence of the position of the resonance in the veloc-
ity of the CM of the atomic cloud (as the ones in Fig.
3a) on the angle 2' between pump and probe beams. By
taking several measurements for dierent values of the
angle 2' between the modulation beams we determine
the position of the resonances as a function of the angle
', as reported in Fig. 3b. On the same plot we also re-
ported results of semiclassical Monte Carlo simulations,
which are found to be in very good agreement with the
experimental ndings. The results of Fig. 3 show that
the velocity v
mod
of the light intensity interference pat-
tern (k conguration) required to excite a propagation
mode diers from the velocity of the polarization grating
(? conguration) leading to the excitation of the same
mode. The condition for the velocity of the light in-
terference pattern to excite a propagation mode can be
obtained by imposing that the atoms following the mode
are at all times dragged by the moving potential modula-
tion corresponding to the light interference pattern of the
beams c and p. This requires that the light polarization
pattern moves at a velocity v
mod
such that the lattice po-
tential well actually occupied by the atom gets deeper as
a result of the modulation of the optical potential. The
resulting conditions on the velocity of the moving mod-
ulation, and equivalently on the pump-probe detuning Æ,
can therefore be derived by examining the eect of the
modulation on the optical potentials. Consider rst the
k conguration. The light interference pattern is a mov-
ing intensity modulation, therefore all optical potentials
are modulated in phase: at a given instant and position
all potential wells corresponding to the dierent atomic
ground state Zeeman sublevels get both deeper or shal-
lower as a result of the modulation. Thus to excite the
propagation mode the atoms should follow the moving
intensity modulation, i.e. the phase velocity v
mod
of the
light interference pattern should be equal to the velocity
v of the mode:
v
mod
= v : (3)
Consider now the ? conguration. The light interfer-
ence pattern is in this case a moving polarization mod-
ulation, with the optical potentials associated with op-
posite Zeeman sublevels (opposite quantum number m)
modulated in phase opposition. It follows that in this
conguration a modulation moving at the mode velocity
does not lead to the mode excitation. On the contrary,
to excite the propagation mode it is necessary that the
modulation moves with respect to the atoms in such a
way that following the transfer of an atom from a lat-





of opposite polarization, the modulation changes sign.
Quantitatively, consider the time interval t in which the
atom in the propagation mode makes half an oscillation
in a potential well and then is optically pumped into the
neighbouring well. Then we simply have v t = 
x
=2.
In the same time interval the modulation polarization





viceversa, depending on which potential well is initially
occupied by the atom). Considering that in the time in-
terval t the atom moved of 
x
=2, and that in the mov-







kj from the following maximum of po-
larization 
+
, we nd that the light interference pattern







Together with v  t = 
x
=2, we nd then that in the





























(? conguration) ; (6)
where we used Eqs. (1,2). The very good agreement (see
Fig. 3) of Eqs. (5,6) with the experimental ndings and
with the results of semiclassical Monte Carlo simulations
demonstrate the validity of our physical picture.
C. Light scattering












































































FIG. 4: Transmission of the probe beam as a function of the
detuning between pump and probe elds, for dierent values
of the angle 2' between pump and probe beams. The lattice





. These parameters correspond to 

x
' 2  50
kHz (vertical dashed lines). The left plot corresponds to the
k pump-probe conguration, the right plot to the ? one.
So far we considered the eect of the light interfer-
ence pattern on the atomic sample, with the excitation
of propagation modes and their detection by direct imag-
ing of the atomic cloud. The properties of the material
medium can also be studied by stimulated light scattering
measurements. In fact the pump-probe interference pat-
tern may excite a material grating onto which the pump
can be diracted in the direction of the probe beam, mod-
ifying the probe transmission. That is the approach fol-
lowed now, with a view to compare light scattering mea-
surements with the previous results obtained via direct
imaging of the atomic cloud.
We decreased the amplitude of one of the modulation
beams (beam p) which plays now the role of the probe
beam, while the other beam (beam c) plays the role of the
pump (or coupling) beam. We measure the probe trans-
mission as a function of the detuning Æ for dierent angles
between the pump and the probe beams, with results as
the ones in Fig. 4. In the case of the k pump-probe
conguration, we easily identify in the probe transmis-
sion spectrum the Brillouin resonances (the resonances in
Fig. 4a marked by arrows) corresponding to stimulated
light scattering on the propagation modes. We veried
that the dependence of the position of these resonances
on the angle ' is in complete agreement with Eq. (5),
which conrms that these resonances originate from light
scattering on propagation modes. On the contrary, in the
case of the ? pump-probe conguration no resonance is
observed around the position corresponding to Eq. (6)
(these positions are marked by lled circles in Fig. 4b).
In other words, the propagation mode is dark in the ?
conguration.
The absence of resonances in the scattering spectrum
for the propagation mode in the ? conguration can be
explained by examining the phase-mismatch between the
laser and the material waves. The frequency (energy) and
phase-matching (momentum) conditions for the stimu-














 ~q : (8)
Here ~q and 
 are respectively the wavevector and the
frequency of the light-induced material density grat-






the phase velocity of the
moving grating. The frequency 
 has been determined
previously for both k and ? congurations (Eqs. (5,6)).
As the excited mode is the same for both pump-probe
congurations, the phase velocity of the material grating
does not depend on the chosen conguration and is equal




we derive, through the dispersion relation, the
























of the material grating fullls the phase
matching condition Eq. (8), and therefore the scattering
on the propagation mode results in a resonance line in
the probe transmission spectrum. In contrast, in the







in a phase-mismatch between the laser and the material
waves. Thus, no resonance is expected in the probe trans-
mission spectrum, in agreement with our experimental
ndings.
The eective creation of a moving material grating has











































FIG. 5: Numerical results for the atomic density as a function
of x for the k (top) and ? (bottom) pump-probe congura-
tions. The shown density distribution is stationary in a frame
moving along x at a velocity v.
The numerical results, as the ones shown in Fig. 5, corre-
spond to an atomic density grating moving in the x direc-
tion with a velocity v for both parallel and perpendicular
congurations. In the frame moving at the velocity v of
the propagation mode we nd a stationary modulation
of the atomic density with dierent wavevectors for the
two pump-probe congurations and in very good agree-
ment with Eqs. (9, 10). This conrms the validity of our
analysis.
IV. CONCLUSIONS
In summary, in this work we examined the stimulated
light scattering onto the propagation modes of a dissipa-
tive optical lattice. Two dierent pump-probe congura-
tions have been analyzed: in one the interference pattern
is a modulation of the light intensity, while in the other
one the pump and probe elds give rise to a modula-
tion of the light polarization. First, we have shown that
the same propagation mode is excited in the two cases,
and described the two dierent mechanisms of excita-
tion. Then we analyzed the light scattering on the prop-
agation mode. Although the mode excited in the two
pump-probe congurations is the same, we found that
the probe transmission spectrum is completely dierent
for the two cases. In fact, only in one conguration the
mode results in a resonance in the probe transmission
spectrum. For the other conguration, no trace of the
mode excitation is found in the probe transmission spec-
trum. This behaviour was explained in terms of phase-
mismatch between the laser elds and the propagating
wave.
Light scattering is a powerful technique for the study of
a large variety of material media. Particularly, in optical
lattices it has allowed the study of local (intrawell) as well
as delocalized (inter wells) dynamics. However there is
not a one-to-one correspondence between the light scat-
tering spectrum and the atomic dynamics as shown in
this work where we observed and described dark propa-
gation modes.
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